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SUM4ARY

Aninvestigationwasconductedtoprovidegeneral.tiformationon
themagnitudesauddirectionsoftheaerodynamicforcesandmoments
exertedonamodelofa fighterairplaueinspinningattitudesas
measuredona rotsrybalanceinstalledintheLangley20-footfYee-
spinningtunnel.Theinvestigationincludedthedeterminationofthe
effeetontheaerodynamicforcesandmomentsofreversingtherudder,
ofmodi&lngthetail,andofdeflettingtheflapsendloweringthe

landinggesr.The~-scalemodelwasmountedonthe:otarybalanceat10
attitudessimulatingspinningconditionsofa previouslytested&- scale

dynsmicmodelandatotherarbitraryspinningattitudes.

Theresultsindicatedthattheprimsryeffectofrudderreversal
wastogivearelativelylargeincrementofanti-spinyawing-moment
coefficientwhencomparedwiththemagnitudeoftheaerodynamicyawing-
momentcoefficientofthefullydevelopedspin;theotherforceand
momentcoefficientswereaffectedtoamuchlessdegree.Theincrement
ofyawing-momentcoefficientduetorudderreversalincreasedwith
decreasingangleofattack.Movingthehorizontal’tailrearwardforthis
designincreasedtherudder-reversaleffectiveness;deflectingthe
lsndingflapsreducedtherudder-reversal-effectiveness.A conse?wative
estimatefromtheexperimentalresultsindicatesthata totalaerodynamic
yawing-momentcoefficientrangingfromapproximately0.021to0.025,
againstthespin,mayberequiredforsatisfactoryrecoveriesfromsteep
spins.Lsrgervaluesofyawing-momentcoefficientmayberequiredfor
flatterspins.Theaerodynamicforce,andmomentmeasurementswerein
qualitativeagreementwithfree-spinningresultsasregardsspinand
recoverychsmcteristics.

.
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INTRODUCTION
J

Thespinningandthespinrecoveryofairplaneshavealwaysbeen
subjectsofconcerntomauufsctbrersandpilots.Itwasrealizedinthe
.pastthattheeffectsofthevariouscomponentsofauairplaneonthe
spinandsptirecoverycouldbedeterminedbymeasurementsoftheaero-
dynamicforcesandmomentsexertedonthespinningairplane.Measurements
weremade,therefore,oftheaerodynamiccharacteristicsofsmallmodels
ofrotatingwingsandairplanesbytheuseofenintricatespinning
balsnceintheformerN.A.C.A.5-footverticalwindtunnel.Theresults. oftheseinvestigationsarepresentedinreferences1 to9. Withthe
adventoftheLangley15-footfree-spinningtunnel(reference10),how-
ever,useofspin-balancemeasurementsforestimatingpossiblespinand
recuverycharacteristicsofairplaneswasdiscontinuedinfavorofthe
visuallyobsemedandrecordedspinandreccnwrycharacteristicsoffree-
spinningmodels.Theresultsoffree-spinninginvestigationshaveled
toempiricalcriterions(references11to13),basedongeneralgeometric
andmasscharacteristicsofnumerousdesignsinvestigated,fromwhich
airplanesmaybedesignedwithreasonableassurancethattheywillhave
satisfactoryspin-recoverycharacteristics.

tiordertoaugmenttheresultsoffree-spinningtests,toobtaina “ ,
broaderunderstandingofthespinendspinrecovery,andalsotoimprove
existingcriterions,measurementsoftheaerodynamicforcesandmoments
ofspinningmodelsoffighterswerebelievedtobedesirable.Theexisting
informationabouttheseaerodynamic.characteristics(references1 to9)
wasnotconsidered@ficientlyextensivefororapplicabletosirplanesof
currentdesign,sndthereforeanewandsimplerrotarybalancewas
devisedandinstalledintheLangley20-footfkee-spimningtunnel.

For
suitable

spinning

thepresentinvestigation,a* scalemodelofa fighterairplane,
for-testingontherotarybalance,wasconstructed.Thefree- ‘

resultsofa&- scaledynamicmodelofthisairplanewere
availablefroma previousinvestigation.me ~ -scalemodel~s usedto

measuretheforceandmomentcoefficientsactingontheairplaneforthe

spinspreviouslyobtainedwiththefree-spinning~-scalemodel.

Thisinvestigationprovidesgeneralinformationonthemsgnitudeq
enddirectionsoftheaerodynamicforcesandmomentsactingona 0

fighterairplaneinfhllydevelopedspins.Theinvestigationincludes
thedeterminationoftheeffectsontheaerodynamicforcesandmoments
ofvariedruddersettingwithanda~st thespin,oftailmodifications, “
andofdeflectedflapsandloweredlandinggesr.

—.—....—. .---. — .--. -— .— ---- .- -— --- ---- . ..-. —-.
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Theforcesendmomentsweremeasuredwithrespecttothebcdyaxes..
A diagrsmoftheseaxesshowingthepositivedirectionsoftheforces
andmomentsispresentedinfigure1.

c~ (f )longitudinal-forcecoefficientX~pV%

Cy lateral-forcecoefficient
(~ )

pv%

Cz normal-forcecoefficient
& )

@%

CR resultant-forcecoefficient

cl (P )rolling-momentcoeffici&ntL ~pV$%S

cm (P )pitching-momentcoefficientbasedonwingspsnM@2bS “

Cn (f )yatig-mament.coefficientN@V2bS

x longitudinalforceactingalongX bodysxis,positive
forward,pounds ‘

Y lateralforceactingalongY bodyaxis,positiveto
right,pounds

z normalforceactingalongZ,bodyaxis,positivedownward,
pounds

.
L rollingmomentactingaboutX bodysxis,positivewhen

ittendstolowerrightwing,foot-pounds

M pitchingmomentactingaboutY %odyaxis,positive
whenittendstoincreasetheangleofattack,foot-
puunds

N yawi.ngmomentactingaboutZ bodyaxis,positivewhen
ittendstoturnairplsmetoright,foot-pounds

P rollingangulsrvelocityaboutX bodyaxis,radians
persecond

q pitchingan@larvelocityaboutY bodyaxis,radians
persecond

.
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. .
velocityaboutZ bodyaxis,radians

.

ofrollingangularvelocitywithtime

ofpitthingangularvelocitywithtime

ofyawingaugularvelocitywithtime
)

full-scaleaugulsrvelocityaboutspinsxis,radians

●

persecondunlessotherwiseindicated

spincoefficient.

wingarea,squarefeet

wingspsn,feet

airdensi~,slugspercubicfoot

free-streamvelocityinbalsncetests,or
rateofdescentinfree-spinningtests,

meanaerodynamicchord,feet

localchord,feet

full-scaletrue
feetpersecond ,

spinradius,distaucefromspinaxisto”centerofgravity,
feet

ratioofdistauceofcenterofgravityrearwsrdofleading
edgeofmeanaerodynamicchordtomeanaerodynamicchord

ratioofdistsncebetweencenterofgravityandthrustline
tomeanqerodynsmicchord
isbelowthrustline) .

weightofairplane,pounds

(positiv;when-.

accelerationduetogravity,32.2feetper

(/)massofairplsne,slugsW g

centerofgravity

airplanerelative-densitycoefficient(m/pSb)

secohdpersecond .

d

-. -. . .

.

..-.
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mb2

l+-IZ

mb2

‘z-x

mb2

a

.

momentsofinertiaaboutX,Y,endZ bodyaxes,
slug-feet2

inertiayawing-momentpsrsmeter

inertiarolling-mczmntpsrsmeter

inertiapitching-momentparsmeter-

,

anglebetweenverticalandX bodyaxis(approx.
absolutevalueofangleofattackatplaneof
degrees

respectively,.

equalto
symmetry),

anglebetween’spanaxissmdhorizontal,positivewhenright
wingisdown,degrees

anglebetweenprojectionofresultant-forcevectorsnd ~
projectionofZ bodysxisina horizontalplane,degrees

approximateangleofsideslipatcenterofgravity(angle
betweenrelativewindandplaneofsymmetryatcenter .
ofgravity),positivewhenrelative
rightofplsneofsymmetry,degrees

approximateangleofsideslipattail
relativewindandplsneofsymmetry
whenrelativewind
degrees

Therotarybalance

momentsonthe~-scale10

APPARATUS

comesfromright

ANDI@DELS

Appsratus

usedfor-measuring

modelofa fighter

windCOIKS f3XlIll

(anglebetween
attail),positive
ofplaueofsymmetry,

theaerodynamicforcesand

airplsnewasdesignedfor
useintheLangley20-footfree-spinningtunnel.Thisrotarybs,l~ce
systemmaybeusedtoobtaindataboth& thespinningandnormalflight
rsnge.A schematicdiagrsmoftherotarybalancesystemas”installedin
thetunnelisshoyninfigure2. Therotatingportionofthebalance
system,mountedona horizontalsupportingsrmwhichishingedatthe
wall,ismovedfromthewalltothecenterofthetunnelbycablessnd

. ..— ——. _ . .—— .__— .. —.. -— . -—-- — -—- - ———-—— —.-.— - -------- -—- .— .———.— ..
. .
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tithes.Theroteryarmofthebalance
verticalaxis,isattachedattheouter
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system,whichrotatesabouta
endofthehorizontalsupporting

armandisdrivenbya driveshaftendappropriateWikages.Therate
ofrotationmsybevariedupto200rpmineitherdirection.Adjustable
counterweightsareattachedtotheupperendoftherotaryarmtocounter-
balancetherotatingpsrts.Atthelowerendoftherotsryarmisa
spin-radiussettingsrmthatcsnbeadjustedtosimulatevariousradii
fromthecenterofrotation.Attheendofthespin-radiussettingarm
isthemodel-attitudesettingblocktowhichtheactuslbalanceandmodel
sreattached.Thisblockcanbe adjustedsoasto simulatevsriousangles
ofattackandsideslipofthemodel.Thersngesofanglesofattack
andsideslipmaybevsriedflxxn0°to3~0.

Thebalanceconsistsofa six-componentstraingagethatmeasures
normal,longitudinal,andlateralforcesandrolling,pitching,and
yawingmomentsaboutthebodysxes.Thestrain-gagebalanceisa m’
compactunit,asillustratedinfigure3,consistingof12strain-gage
besms~2 besmsforeachofthe6 componentsitmeasures.Storage
batteriesprovidethedirectcurrentforthestrain-gagebalancesystem,
andthevoltageismeasuredandregulatedata controlpanel.Thecurrent
fromthestoragebatteriesistransmittedtotherotatingstraingages
througha systemofbrushesandslip-ringsthataremountedabovethe
rotsryarm(fig.2). Eachpairofstrain-gagebesmsiswiredintoa
WheatStonebridgecircuitthatiselectricallybalsncedwhennoexternal
loadssrepresent.Whenenexternalloadisapplied,thestrain-gage
beamsaredeflectedad, consequently,unbalancethebridge.Thecurrent
flowresultingfromtheunbalancedbridgeistransmittedbackthrough
thesllp-ring-brusharrangementwhereitismeasuredona calibrated
microemmeter. .

.

Models
1—scale modelofthefighterairplaneusedontherotarybalance‘e 10

wasconstructedattheLangleyAeronauticalLaboratory.Thismodelwas
-.

scaledupfromthe&- scaledynmuicmodelforwhichthefree-spinning
resultsusedhereinwereavailable.A three-viewdrawingofthe~-scale

modelinitsoriginslconfiguration,withtheflapsandlandinggear
retractedandthecockpitclosed,isshowninfigurek. Thefull-scale
dimensionalcharacteristicsofthefighterairplanesimulatedbythemodels
aregivenintableI endthefull-scalemasscharacteristicssregiven n
intableII. FQgure5 isa photographofthe~-scalpmodelintheclean

10
conditionandfigure6 showsthemodelinthelendingconditionandin
theconditionwithexternalfueltanksinstalled.

4
Ibrtherotary-balance

—
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tests,partofthefuselageofthe~.scalemodelabovethewing-S cut

awayinorderthatthestrain-gagebalancecouldbemounted@sidethe
fuselage.Thestrain-gagebalancewaslocatedsothattheaxesabout
whichthestrain-gagebalancemeasuredforcesandmomentswerecoincident
withthebodyaxesofthemodelthroughthecenter-of-gravityposition
ofthesimulatedairplaneinthenormal-loadingclesncondition.A

photographofthe~ scalemodelmountedontherotarybalanceisshown
asfigure7. A photographofthepreviouslytested&- scalemodel
spinningintheLangley20-footfree-spinningtunnelisshownasfigure8.

TESTINGTECHNIQUES

&-ScaleModel

The~-scalemodelwasmountedontherotsrybalanceintheLangley
20-footfree-spinningtunnelatattitudesandwithcontrolsettings

correspondingtothoseforthespinsobtainedpreviouslywiththe&- scale
free-spinningmodelforvariousmodelconditions.The&-scalemodelhad
oscillatedslightlyinpitch,roll,andyawwhilespinning,andtheaverage

valuesof a and @ wereusedinsettingtheattitudeofthe~-scale

model.

The~-scalemodelwasmountedontherotarybalanceinsucha manner
thattheZ bodyaxisofthemodelpassedthroughthespinaxis,although

inanactualfullydevelopedspin,asobtainedwiththe& scalemodel,
the
The
not

resultantaerodynamic-forcevectorpassesthroughthespinaxis.
Z-axisofthemodelandthere&ltantaerodynamic-forcevectorare
exactlycoincident.

The&-scalemodelwastestedontherotarybalancewith
radiicalculatedfromthedatameasuredforthefree-spinn@g
bytheapproximateformula

Rs= g cotaQ2

thespin
model

. . .. ..... . .. ., ---—.-. ----- ----- - -—- -- —-----— --—- .—. .. .. .—-..— --- —---- ----- ---—- -
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Theradiisocalculatedareonly
basedontheassumptionthatthe
axis.
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.

approximatee h thattheformulais
resultantforceliesalongtheZ-body .

.,

Thesn@lervelocityaboutthespinsxisandtherateofdescentof
themodelobservedinthefree-spinningtestswereusedtocalculate%he
spincoefficientfib/2V.PreHminsrytestsofthemodelontherotary
,bslsnceindicatedthatathighratesofrotationvibrationsoftherotsry
balanceoccurredand,accordingly,actualscaleratiosofthehigher
ratesofrotationasmeasuredonthefree-spinningmodelwerenot
simulated.Alltestswereperformedatthe“propervaluesofthespin
coefficient41b/2V,huwever.Forsimplicitya constanttunnelvelocitywas
usedforalltestsendwaschosensothatthevaluesof Q requiredto
obtainthepropervaluesofthespincoefficient$lb/2Vwerebelowthat
atwhichvibrationstsrted.A briefinvestigationmadetodeterminethe
forceendmomentcoefficientsata specificvalueofi42b/2Vbutat
differenttunnelvelocitiesindicatednonoticeableeffectwithinthe
rangeofvelocitiespossible.

were

&-ScaleModel“
‘1

.
Thepreviouslyperformedfree-spinningtestsofthe& scalemodel

●

conductedintheLangley20-footfree-spinningtunnel,theoperation
ofwhichisgenerallys~lar tothatdescribedin-reference10forthe
Langley15-footfree-sp~g tunnelexceptthatthemodellaunching
techniquehasbeenchangedfromlaunchingwitha spindletolaunchingby
hsndwithspinningmotion.Themodelwasobservedinfullydeveloped
spins,datawererecorded,andrecoverieswereattemptedgenerallyby
rapidfullrudderreversal.A recoveryisconsideredtobe satisfactory

ifthemodelstopsspinningin2$turnsorless(referencel).).This
valuehasbeenselectedonthebasisoffull-scale-airplanespin-recovery
datathathavebeenavailableforcomparisonwithcorrespondingmodel
testresults.
corresponding

Valuesofthesptiparametersobtainedwereconvertedto
full-scalevaluesbymethodsdescribedinreference10.

TESPCONDITIONS

&Scale Model

Measurementsweremadeoftheaerodynamicforcesandmomentsof

the& scalemodelforthemodelconditions,controlconfigurations,

I

●

✌

.
.

.— ..— . ..__ --— . - .
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attitudes,andspincoefficientspresentedintable

havingpreviouslybeendeterminedwiththe&-scale

Thenormalmaximumcontroldeflectionsusedin
were:

Rudder,degrees.. . . . ... . . . . . . . . . . .
Elevator,degrees.. . . . . . . . . . . . . . . .
Ailerons,degrees.. . . . . . . . . . . . . . . .
Flaps,degrees. . ... . . . . . . . . . . . . . .

9
.

III,theseconditions

free-spinningmodel.-

theinvestigation

. . . . . . .

. . . . . . .

. . . . . . %

. . . . . . .

Theintermediatecontroldeflectionsusedwere:
. b

Elevator2/3up,degrees. . . . . . . . . . . . . . . . . . . .

Ailerons2/3deflected,degrees. . . . . . . . . . . . . . . .

Ailerons1/3deflected,degrees. . . . . . . . . . . . . . . .

Forthecleanconditionreferredtoherein,thecockpitwasclosed,
thelandinggesrwasretracted,andtheflapswereneutral.Forthe
landingcondition,theflapsweredeflected45°andthelandinggesrwas
extended.Testswerealsoperformedwiththeflapsdeflected45°and
thelandinggearretracted.

Themodifiedtailconfigurationsshowninfigures9 to12weretested
onthemodels.Thetail-dampingpowerfactors(reference11)ofthe
modelsforthevariousmodificationsarepresentedintableIV.

As a resultofthevariousmodelcon~tions,controlconfigurations,
andloadings,theinvestigationincludedlargevariationsinspinning
attitudesendspincoefficients,theanglesofattackrangingfrom
approximately20°to70°,thesnglesofsideslipatthecenterofgravity
rangingfrom3°inwardto7°outwsrd,andspincoefficientsS2b/2Vrauging
fromO.16to0.38.

Allbalancetestsweremadeata tunnelairspeedof68.5feet
persecond,whichgivesanapproximateReynoldsnumberof420,000based

.
onthemeanaerodynamicchordofthe~-scalemodel.’Thisvalueof
Reynoldsnumber
Langley20-foot

.

hasnotbeencorrectedfortheturbulencefactorofthe
free-spinningtunnel,whichis1.8.

.

-- .- —.— .-. .- —.-— .— -. -—=.— —. .—-- — — — . ----—— -—- - .—._ —— . ..
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&Scale Model

Thespimxingattitudesendspincoefficientsforeachofthevarious
a

modelconditionsandcontrolconfigurateions(tableIII)wereobtained
fromprevioustestsofthe&-scalemodel.Themodelhadbeenspun
arbitrarilytotherightforthetestspresentedhereinbecausebrief
testsperformedtothelefthadshownthatthemodelhadsynnnetrical
spinendrecoverycharacteristics.Aspreviouslymentioned,themass
characteristicsendmassparametersforloadingstestedonthemodelare.
listedh tableII. Loadings2 and3wereobtainedonthe~-scale
dynsmicmodelbytistall.ationofballastedexternalfuelt’anks.When

theconditionsfortheseloadingsweretestedonthe~-scalemodel,
geometricallysimilarexternaltankswereinstalled.

CORRECTIONS

sum

Theforcesandmomentsmeasuredbythe’strain-gagebalsncewerethe

oftheaerodynamicforcesandmomentsexertedonthe~-scalemodel ?
thecentrifugalforcesendinertiamomentsproducedbytherotation

ofthemodelandstrain-gagebesms.Thecentrifugal-forceandinertia-
momentvaluesproducedbytherotatingmodelendstrain-gagebesmshad
tobe subtractedfrmnthevaluesmeasuredtoobtaintheaerodynamic
vslues.UIordertodeterminethesecorrectionsforeachtest,the
centrifugalfo~cesaudinertiamomentsproducedbytherotatingmodel
werecalculatedbyustigequations,presentedinreference1,derived
fromEuler’sdynamicalequations.Whentheseeqpationsareused,the
weight,centerofgravity,endmomentsofinertiaofthemodelmustbe

kno~;th&efore,thesevaluesweremeasuredforthe~--scalemodel.!&e
amountsofthecentrifugalforcesandinertiamomentscontributedbythe “
strain-gage-besmsforeachtestwerefoundexperimentally.

Interactionoftheforcesandmomentsresulttigfrombendingofthe
strain-gagebeamswhenunderloadhasbeencorrectedforbothinthe
measureda6rodynsmiccharacteristicsandthecalculatedinertiatsre
corrections. . “

“1Theeffectofsettingthe~ scalemodelontherotmybalanceat

a vslue’ofspinradiusthatwasapproximatewasexsminedanditstifluence ●

wasconsidered@ analyzingtheresults.

\
.—— — -- —-- —-— ——.
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Thetunnel-walle~ectswerenotconsideredsignificantsincethe
modelwaslocateda largedistancefromthetunnelwallandthespanof
themodelwassmallwithrelationtothetunneldiameter.Consideration
oftheinterferencebetweenthemodelandtherotarybalanceindicated
thatthemodelmighthavebeeninthewakeofthebalau’ceonlyforsteep
spinningsnglesofattack.Forthesesteepspinningsnglesofattack,
thetailofthemodelmsyhavebeeninthewakeoftherotary-balance
arm;butinasmuchasthetailwasa largedistancebehindthearm,where
thewakedisturbancewaswell-dissipated,nocorrectionsweremadefor
interferenceeffects.

gage

Cx .
Cy .
Cz .
c1 .
cm*
cn“

Thelimits
systemare

. .

. .
.0

. .

. .

. .

me
believed

The
measured

ACCURACY

&Scale Model
MJ

of accuracyofthe
estimatedtobeas

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . ●

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ..0. .

limitsofaccuracyof
tobe somewhatbetter

. .

. .

. .

. .

. .

. .

the

measurementsoftheelectricalstrain-
follows:

. . . . . .0. %***=* to.0082

. . . . . . . . . . . . . . to.0033

. . . . . . . . . . ● . . . *O.0127

. . . . . . . . . . .*O. ifl●0007
● . . . . . . . . . . . . . ~oooo~
. ..0. . . . . . . ..0 to.0004

incrementsofthecoefficientssre
thanthevalueslisted.

spinconditionssetontherotary
onthefree-spinningmodelwithin

a,degrees.. . . . . . . . . . . . . . .
@degrees. . . . . . . . . . . . . . . .
Qb/2V,percent. . . . . . . . . . . . . .

1

balancesimulatedthose
thefollowinglimits:

. . . . . . . . . . . .%.5

. . . . . . . . . . . .*0,5
*1.5. . . . . . . . . . . .

&Scale Model
/

Thefree-spinningresultspresentedhereinarebelievedtobethe
truevaluesgivenwithinthefollowinglimits:

a,degrees...... . . . . . . . . . . . . . . . . . . . . . . .*1
@degrees. . . . . . . . . . . . . . . . . . . . . . . . . . . ..*1
V,percent. . . . . . . . . . . . . . . . . . . . . . . . . ..=. t5
O,percent. . . . . . . . . . . . . . . . . . . . . . . . . . . ..t2
Turnsforrecovery,obtainedfrommotion-picturerecords. . . . .~~/4

..- .._. -.—. . .- . . — -- ——.-—. — ——.-—. --- —--— —~ ---------- —— .—
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Thelimitsofaccuracyofthemeasurement%ofthe

ofboththe&- and& scalemodelsarebelievedtobe
Au r=u

Weight,percent. . . . . . . . . . .
Center-of-gravitylocation,percentC
Momentsoftiertia,percent. . . . .

PRESENTATION

Theaerodynamicforceandmoment
‘‘1~scale modelsrepresentedintable

1

●

massctiacteristics

asfollows: ,.
,

+1. ..*.. . . ...0 .0 ---

. ...”.. . . . . . . .’. * *1

.* ..*. . . ...0 ● 00 *5

OFRESULTS

coefficientsasmeasuredonthe

III. Thefree-spinningcharacter-
isticsofthepreviouslytested&scale modelwe alsopresentedin
tableIIIintermsoffull-scalevalues.A comparisonoftheapproximate .
spinradiususedandtheradiuscalculatedfromthemeasuredresultant
aerodynamicforceis presentedh tableV. Alsopresentedh tableV .
arethevaluesoftheangle%etweenthemeasuredresultantaerodynamic
forceandtheZ bodyaxiswhentheangleisprojettedalternatelyintoa .
horizontalplane(v),tntotheXZbodyplane,andintotheYZbodyplane.
Theeffectofsettingtherudderfromwithtoagainstthespinontheaero-
-c forceandmomentcoefficientsofthe~ -scalemodelandthecorre- c.

spendingrecuve~Characteristicsofthe~ -scalemodelbyrapidfull
.rudderreversalarepresentedintableVI. Thedifferenceinaerodynamic
W--moment coefficientsbetwentheru-r-tithandrudder-against
settingsisplottedagainstangle”ofattackofthemodelinfi~ 13end
thetotalaerodynamicyawing-mmentcoefficientofthemodelwiththe
ruddersetagainstthespinisplottedinfigure14. Theresultsoftests
performedonthe~ -scalemodelwiththehorizontaltailintheoriginal.
andrearwardpositions(fig.9),withthespinningconditionsheldcon-
stant,arepresentedintableVIIandshuwtheeffectontheaerodynamic
forceandmomentcoefficientsofunshieldingtheverticaltailbymuve-

tsofyawing-momentcoefficientsmentofthehorizontaltail.Theincremen
causedbyrudderreversalforthetwohorizontal-tailpositionsarepre-
sentedintableVIIIandfigure15. Theeffectofdeflectingthelanding
flapsontheaerodynamicmomentcoefficientsisshownintableH.

6 . .

Theinertiaforceandmomentcoefficients
developedspinsarecomparedwiththemeasured
momentcoefficientsintableX.

. .

calculatedforthefully .
aerodynamicforceand

4

.

1,

.- ..—
. . .
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RESTJItTSANDDItiSSION
.

A studyofexistingdata(unpublished)ofthespincharacteristics
ofnumerousmodelstestedintheLangleyfree-spinningtunnelsindicates
thattherangeofspinconditionsoftheinvestigationpresentedhereti
isfairlywideandtheresultsofthepresentinvestigationmaytherefore
betakenasa generalindicationoftheorderofmagnitudeanddirection
oftheaerodynamicforcesendmomentsactinginnormalfullydeveloped
spinsofa straight-wingairplanewithbothverticalendhorizontaltails.

‘GeneralAerodynamicCharacteristicsinSpins

Theresultsoftheforceandmomentmeasurements(tableIII)show
that,forthespinspresented,thenormal-forceandlongitudinal-force
coefficientsandthepitching-momentcoefficientsalwayshadnegative
values. Inotherwords,h anerectspin(positiveangleofattack)the
aerodynamicnormalforcealwaysactedupwardandtowardthecenterof
rotation,theaerodynamiclongitudinalforcedlwaysactedtowardtherear
oftheairplaue,andtheaerodynamicpitchingmomentwasalwaysa nose-
downmomentaswouldnormallybee~ectedfora conventionalairplane
ata positiveangleofattack.Thenose-downaerodynamicpitching--nt
coefficientan?theupwardnormal-forcecoefficientincreasedasthe
angleofattackincreased.

.
Theresultsoftherolling-momentmeasurement~presentedherein

andotherunpublisheddataindicatethattheaileronswereapproximately
one-halforlessaseffectiveinproducingrolling-momentcoefficients
abovethestallasbelowthestall.Theroll*g-momentcoefficient,
however,variedintheseinemannerwithailerondeflectionaboveand
belowthestall;thatis,whentheaileronsweresettosimqlatea stick
positiontotheright(rotationtotheright),a positiverolling-moment
coefficientwasgenerallyobtained,andwhedtheaileronsweresetto
shulatea stickpositiontotheleft,a negativerolling-momentcoef-
ficientwasobtained.Noconsistentvariationinthelateral-force
coefficientresultingfromthevariationsinthespinningconditions
testedwasnoted.Theaerodynamicyawing-momentcoefficientsasmeasured
werealwaysanti-spin(negativefortherightspinspresented),even
withtheruddersetfullwiththespin.Forthesetests,therefore,the
signoftheyawing-momentcoefficientisthesameasthesignofthe
sideslipangleatthetail,whichwasalwaysoutwardornegativefor
therightspinstested.

.
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RelationoftheAerodynamic

NACATN21.81.

CharacteristicstotheInertia
1

CharacteristicsinSpins

Ina fullydevelopedspin,theaerodynamicforcesendmoments
actingonanairplanemustbebalancedbytheinertiaforcesandmoments
producedbytherotatingmassoftheairplaneinordertoobtaina
conditionofdynsmicequilibrium..Componentsoftheresultantofthe
normal,longitudinal,andlateralaerodynamicforcesbalancetheweight
andthecentrifugalforceoftherotatingairplane.Similarly,the ‘
aerodynamicpitchingmomentbalancestheinertiapitchingmomentofthe
rotatingairplane,andtheaerodynamicrollingandyawingmomentsbalsnce
inertiarollingandyawingmoments,respectively.Theequationsoftk
inertiaandaerodynamicmomentsaspresentedinreference14fromEuler’s
dynsmicalequationsareasfollows:

Rollingmoment:

h-‘z)qr-1*=“
Pitchingmoment:

(-14pr-r*=-M ‘
Yawingmoment:

where

P =flcosa

r= sin2$

*

.

.
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Theseequationsweredevelopedforuseabout
inertiabutareusedhereinaboutthebodyaxes.

. 15

theprincipalaxesof
Possiblediscrepancies

fromusingtheseequationsaboutthebody-axesareconsideredtobe
negligibleinthattheanglesbetweenthebodyaxesendprincipalaxes
aresmall.

Intheseequations,thevaluesontheright-handsideoftheequations
aretheaerodynamicmomentsthatresultfromthemotionoftheairp@M
ina spin.Thesumofthevaluesontheleft-handsideoftheequations
isthesumoftheinertiamoments.Thetermsoftheinertiaequations
dependentonthetimerateofchangeof p, q,and r aretheacceler-
ationtermsthatwouldbezeroh a completelysteadyspin.Thevalues
measuredontherotsrybalanceareequal-to-thevaluesontheright-hand
sideoftheequationsforstesdyspinconditiaus.Aspreviouslytidicated,
forthespinsinvestigated,thefree-spinningmodeloscillatedslightly
andtheaerodynamiccoefficientsweremeasuredforaveragevaluesofthe
spinparametersdeterminedinthefreespins.Thevaluesofaerodynamic
forcesandmomentsasmeasured’ontheb“alsncethereforeappeartobe
approximateaveragesoftheunsteadyvaluesexistentintheactualspins.

Considerationofequationsforequilibriumindicatescertain
conclusionsregardingspinningequilibrium.Forthepitchingmoment,
theinertiaeffectdependson p, r,and Iz- Ix. Theinertiapitching
momentwillalwaysbepositivebecausethevalueof Iz- Ix ispositive
and p and r havethesamesignand,therefore,theirproductwill
alwqsbepositive.Fortheattainmentofequilibrium,theaerodynamic
pitchingmomentsmustbenegative.Thevaluesofaerodynamicpitching
momentmeasured(tableIII)areallnegative.

Thesignoftheinertiarollingmomentdependsonthesignsof
Iy- Iz andoftheproductof r andq. FornormaldesignsIy- Iz
isalwaysnegative,andtheproduct-ofr aud q,whichcanchangethe
signoftheinertia.rollingmoment,dependsonwhetherthevalueof
sin# ispositiveornegative.Aswaspreviouslynoted(tableIII),
thedirectionofthemeasuredaerodynamicrollingmomentchangedandin
generalvariedprimarilywith’aileronposition.Thesignof # hasbeen
observedfortestsofnumerousmodels(unpublisheddata)and,asis
indicatedintable111,hasbeenfoundtohavea variationwithaileron

.

positionsimilartothatforthemeasuredaerodynamicrollingmoment.
Ingeneral,whentheaileronswerewiththespin(stickrightina
rightspin),thevaluesof @ werepositive(tableIII);thereforethe
inertiarollingmomentswerenegative,andpositive~rodynamicrolling
mcnnentswereneededforequilibrium.Whentheaileronswerewiththe
bpin,themeasuredaerodynamicrollingmomentswerepositive(tableIII).
Conversely,whentheaileronswereagtinstthespin,thevaluesof #
generallywerenegativeandthustheinertiarollingmomentswerepositive,
andnegativeaerodynamicrollingmomentswererequiredforequilibrium.
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Withtheaileronsagainstthespin,themeasuredaerodynamicrolling
momentsweregenerallynegative.- ,

Anexaminationoftheequilibriumequationforyawingmount
indicatesthattheinertiayawingmomentisdependentonthesignof ~.
Becausethesignof ~ variedforthespinsinvestigated(tableIII),
theinertiayawingmomentwouldalsochangesign.Allthevaluesofthe
measuredaerodynadcyawingmoments(tableIII),however,werenegative
(or~ti-ati);consequently,when @ waspositive,theaerodynamic
smdinertiayawingmoment”swereoflikesignandtherequisitesfor

spinningequilibriumw&e notfulfilled.The~-scalemodel,however,
actuallyspunforthecasespresentedhereinandthereforehadvalues
ofinertiamomentcoefficientsequivalenttothosecalculatedand
presentedintableX withinfairlycloselimits.At leastsme ofthe
measuredaerodynamicystingmomentsthereforemaybeh error.

Generallythemeasuredaerodynamicyawing-momentcoefficientswere’
toolargeagainstthespin;thusthesideslipanglessetontherotary
balancemayhavebeentoolargeoutward.Thefactthattheradiiset
onthebalancewereonlytippro~te(previouslydiscussed)couldaccount ,
forsomechangeinangleofsideslip.Thedifferencesbetweenthe .
approximateradiisetontherotarybalsnceandradiicalculatedfrom
themeasuredaerodynamicforcecoefficients(tableV)indicatethatthe
radiitestedweregenerallylargerthantheactualradiiofthespin. .

Examinationoftheequationfor.thesideslipatthecenterofgravity

indicatesthatsucha reductioninradiusandanyamountoftheangle$
(anglebetweentheprojectionoftheresultant-forcevectorandthe
projectionoftheZ bodyaxisinah,orizontalplane)wouldreducethe
outwardsideslip(orincreasetheinwardsideslip)oftheactualspin
overthattestedontherotsrybalance.Thedifferencesinradiiand
theangle~,therefore,doaccountforsomechangesinangleofsideslip. andthereforecouldaccountinpartforsomeofthediscrepancyinthe
measuredaerodynamicyawing-momentcoefficients.

Anotherfactorthatmaybeconsideredisthattheinertiamoment
coefficientspresentedhereinsxebasedonthesteady-stateportionof
Euler’sequationsanddonotincludetheeffectofanyOSCill.atiOIIS . .

whichmayhaveexistedonthefree-spinningmodel.An integrationof
theeffectsofoscillationsforoneormorecompleteturns,however,
wouldprobablybezeroand,aspreviouslyindicated,thedatapresented .
wouldbetheaver~eforoneormorecompleteturnsofthespin.Further

. .



explanationofthislackofequilibriumbetweentheaerodynamicand
inertiayawing-momentcoefficientsisnotreadilyavailable,endfurther
studyofthismatterbyiterativetestingseemsdesirable.

Aspreviouslyindicated,themeasuredaerodynamicyawing-moment
coefficientsweretoolsrgeagainstthespin.Unpublisheddataofa
contemporaryinve’stigationhaveindicated,however,thattheinstentaneous
slopesofthevariationsof Cn withrudderdeflectionareapproximately
thessme,foreachangleofattackabovethestall,a resultwhichisalso
generallytrueforthevariationof Cn withsideslipangleandof Cn
withspincoefficient.Theseresultsindicatethatincrementsof
measuredaerodynamicyawing-momentcoefficientACn presentedherein
maybeconsideredaccurate.eventhoughthetotalaerodynamicyawing-
momentcoefficientsaregenerallyconservativelylarge.

.
Thecomparisonoftheaerodynamicforcesandmoments(tableX)

indicatesslightdifferencesintherollingendpitchingmomentsaswell
as.thedifferencesinyawingmomentspreviouslydiscussed.Thedifferences
intherollingandpitchingmomentsweregenerallyinmagnitudeandnot
insign,aswasthecasefortheyawingmoments.Thedifferencesin
therollingmomentswereusedtodetermineincrementalvaluesofthe
angle@ which,whenusedinEuler’sdynemicalequation,wouldaccount
forthedifferencesintherollingmoments.Anaverageincremental. .
valueof @ ofapproximately2.Oowasobtainedforalltestsandis
notbelievedtobeunreasonableiftheover-alllimitsofthetest -
proceduresareconsidered.A changein @ ofthisorderofmagnitude
generallywasnotsufficienttoinfluencethelackofequilibriumin
theyawing-momentcoefficientspreviouslydiscussed.

Thedifferencesinthepitchingmomentswereusedtodetermine
incrementalvaluesoftherateof,rotation$2which,whenusedinEuler’s
dynsmicalequationsforpitchingmoment,wouldaccountforthedifferences
inpitchingmoments.Anaverageincrementalvalueof Q ofapproxi-
mately-0.12radianpersecond(full-scale)wasobtainedforalltests
-andisconsideredtoberelativelysmallwithregerdtospiming.

To SUMllMrize, it hasbeenindicatedthattherolling-momentand
pitching-momentcoefficientsandtheincrementsinyawing-momentcoef-
ficientspresentedhereinererelativelyaccurate.Thetotal.aerodynamic
yawingmoments,however,eregenerallytoolargeagainstthespin,and
thereforerequin”mentsbasedonthetotalaerodynamicyawing-moment
coefficientsareconsideredtobeconservative.

\

.
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Effectof

Theresuitsof
thattheruddercan

RudderReversalonAerodynamicCoefficients

spin-tunneltestsofnumerousmodelshaveindicated
norma~ybeaneffeetivecontrolforrecoveryfrom

spins.Thisfactistrueparticularlywhenthemassoftheairplaneis
distributedprimarilyalongthefuselage(references11and13).Many
currentairplanesofrocket-endjet-propelleddesignshavethistype
oflosdingandmostofthefree-spinningtests,presentedhereinfor
comparisonwithbalancedata,weremadewithsuchaweightdistribution.

Accordingly,theaerodynamicforceandmomentcoefficientsina
spinweredeterminedwhenthsrudderwassetwiththespinandwhenthe
rudderwassetagainstthespin.Theresultsofthesetestssregiven
intableVI intermsoftheincrementaldifferencesinthemomentand
forcecoefficientswiththeruddersetwithandagainstthespin.The
primaryeffectofrudderreversalontherigidlymounted&scale model
wasa relativelylsrgeincrementofsnti-spinyawing-niomentcoefficient
whencomparedwiththeaerodynamicyawing-momentcoefficientthat
existealforthefullydevelopedspin.Theotherforceandmomentcoef-
ficientswereaffectedtoonlya smalldegree,theticrementsresulting
tiomthechangeinruddersettingbeingrelativelysmallwhencompared
withtheaerodynamiccoefficientswhichexistedinthefullydeveloped
spin.Reversaloftherudderonthefree-spinningmodelgenerally
resultedinimmediatechangesinmodelattitudeandrateofrotation
whichinitiallyresultedfromchengesintheforcesandmomentssimilar

tothosemeasuredonthe&- scalemodel.

Thevariationoftheincrementofyawing-momentcoefficientwith
angleofattackisshowninfigure13andindicatesthatbelowanangle
ofattackofapproximately300,thevalueoftheincrementofthe
yawing-momentcoefficientcausedbyrudderreversalismuchlargerthan
thevalueoftheincrementofyawing-momentcoefficientobtainedfor
spinsabove30°angleofattack.Thevariationinruddereffectiveness
withangleofattackappearstobeprimsrilytheresultoftheshieldiqg
therudderbythehorizontaltail.Smoke-flowtestsona spinningair-
plane(reference15)indicatetheexistenceofsucha shieldingor

.

●

of

blanketingeffectofthehorizontaltailonthevertical.tailandm.ldder.
A studyofthetail-dsmpingpowerfactorsendtheircomponentsforthe
vsrioustailconfigurationstested(tableIV)andoftheincrementsof
yawing-momentcoefficientscausedby settingtherudderagainstthespin
(tableVIandfig.13)indicatesthatatanygivenangleofattackthe .
tailconfigurationthathadthelargestunshieldedruddervolumecoef-
ficientconsistentlyhadthelargestvalueof LCn. Thetrendsindicated
bythetail-dsmpingpowerfactor(reference11)thereforeseemtobein
agreementwithactualyming-momentmeasurementsinthatthetailconfig- ‘
urationshavingthelsrgestcalculatedvaluesofunshieldedruddervolume
coefficienthadthelsrgestvaluesof ACn causedbyrudderreversal.

-.. .-. . . . . . . .—. . ---- --
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Thescatterofpointsorthevariationof ACn atanygiven-angleof
attackshowninfigure13isinparttheresultofthesedifferencesin
ruddereffectiveness.Also,atanygivenangleofattack,somescatter
mq resultfroma variationinsideslipforthevariousspinconditions
testedforanygiventailconfiguration.

Alsoindicatedinfi~e 13andtableVIarethosespinsforwhich

( )recoveriesweresatisfactory2*turnsorlessandthoseforwhich
recoverieswqrenotsatisfacto-rybyrudderreversalalone.Thesatis-
factoryrecoveriesgeneral.lywereobtai~edbyrudderreversalalonefor
spinsinwhich& wasofthemagnitudeof0.012orgreater,against
thespin.Suchvaluesof ACn wereobtainedonlyforspinsinwhich
theangleofattackwas30°orless.Anexceptionwastest11forwhich
itwasnecesssrytomovetheelevatoraswellastherudderforsatisfactory
recovery.Fortest11,thedynsmicmodelwasballastedsothattheweight
wasdistributedprimarilyalongthewings(loading2,tableII),and
references11,12,end16indicatethatfordesignswiththeloading
distributedprimsrilyalongthewingsthe.elevatorbecamethepredominant
controlforrecovery.Forsuchloadings,therefore,inspiteofthe
abilityoftheruddertoproducea largeincrementofanti-spinyawing
moment,movementoftheelevatorforrecoverymaybeessential.c

TotalAerodynamicYawingMomentRequiredtoObtain

SatisfactorySpinRecovery

A previousspin-balanceinvestigation(reference1)hastidicated
thatemaerodynamicyswing-momentcoefficient,oftheorderof0.020
againstthespinwouldberequiredtobe suppliedbypartsoftheafi-
plane(includinginterferenceeffects)otherthenthewingtoprevent
equilibriumina steadyspinortoobtainredoverytioma steadyspin.
A laterpaper(reference3)indicatesthata valueofaerodynamicyawing-
momentcoefficientof0.025againstthespinwouldbenecessarytoprevent
equilibriumina steadyspin.Subsequentfree-spinning-tunnelexperience
hasindicatedthatspinandrecoveryrequirementsshouldbebasedonthe

(1 )attainmentofsatisfactoryspinrecoveries~ turnsorless andnot
justonrecoveryaloneori%epreventionofequilibriumina spinbecause
a designthathasaerodyqsmiccharacteristicssufficienttoprevent
equilibriumina steadyspinmaynotbeadequatefora satisfactory
recovery.A requirementbasedonthesmountofaerodynamicyawing-moment
coefficientrequiredtoobtainsatisfactoryspinrecoverytherefore‘
seemstobeappropriate,sndaccordinglythefollowingdiscussionis
basedonthispremise.Theresultsofforceandmomentmeasurementsand
ofdynsmic-modelrecoverytestswereusedtoindicatethesmountoftotal
aerodynamicyawing-momentcoefficientrequiredforsatisfactoryrecovery.

.
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Becauseofdiscrepancies@?eviouslydiscussed,theseresultsmaybe
consideredconservative.Thebriefstudypresentedwasconfinedto
measurementsmadewiththeruddersetagainstthespin,inthatrecoveries ●

wereobtainedonlyforthisruddersetting.Therequirementsdiscussed
areapplicableonlytodesignswithgeometricconfigurationssimilar
toandwithmassdistributionsendrelativedensitiesofthesameorder
ofmagnitudeasthepresentconfigurations.

Thetotalaerodynsmtcyawing-moment-coefficientsofthemodelwith
theruddersetagainstthespinforthevarioustestsperformedare
presentedin’figure14. Alsoshowninfigure14arethosecasesfor
whichsatisfactoryrecoverieswereobtainedahdthoseforwhichunsatis-
factoryrecoverieswereobtained.Asistidicatedinfigure13,recoveries
fromthespinsatanglesofattackof300orlessweregenerallysatis-
factory.Themaximumtotalaerodynamicyawing-momentcoefficientagainst

‘ thespinexistentforthesesatisfactoryrecoverieswasoftheorderof ,
magnitudeof0.021.froma conservativeviewpoint,itwouldappealthat
a valueoftotalaerodynamicyawing-momentcoefficientrangingfrom
approximately0.021to0.025(anti-spin) wouldbeade~ateforsatis-
factoryrecoveryfkomsteepspins.This”valuecompareswiththat
indicatedfrompreviousspin-balanceworkinthatitwasestimatedfrom
references3 and5 that thewingofthepresentinvestigationcontributes
verylittletothetotalaerodynamicyawing-momentcoefficient.A value ‘“
rangingfrom0.021to0.025forsteepspinsappears,therefore)tobe
inagreementwiththevaluepreviouslyindicatedasrequiredtobe .
suppliedbypartsoftheairplaneotherthanthe’wing.Thewing,however,
maycontributea pro-spinaerodynamicyawingmoment,asisgenerally

. indicatedforsteepspfis(references1,3, and5). me reW~ementPre-
sentedhereinforsatisfactoryspinrecoveryfromsteepspinstherefore
-be morestringentthantherequirementindicatedinpreviousspin-
balanceinvestigationsforthepreventionofequilibriumina stea@spill.

Ingeneral,satisfactoryrecoverieswerenotobtainedabove30°
angleofattack(fig.14)althoughsomespinshavinganglesofattack
greaterthanno hadtotalyawing-momentcoefficientsofthesameorder
of”magnitudeasthoseforwhichsatisfactoryrecoverieswereattained
below30°angleofattack.Becausesatisfactoryrecoveriesgenerally
werenotobtainedforspinsatenglesofattackabove30°,thedata
werenotsufficienttodeterminethetotalamountofaerodynamicyawing-
momentcoefficientnecessaryforsatisfactoryrecoveryfromanyspin.
Itwouldappear,however,thatthetotalaerodynamicyawing-moment
coefficientagainstthespinrequiredforsatisfactoryspinrecoverymay
varywithangleofattack,increasingasthesngleofattackincreases,
andthatvalueslargerthan0.025mayberequiredsincevalues .
approaching0.020wereobtainedathighanglesofattackforsomeofthe
casespresentedhereinendtherecoverieswereunsatisfactory.This
factfurtherindicatesthatthepreviousrequirement(referencesl’and #

3)isnotapplicableforsatisfactoryrecoveriesfromspins.

.-
. .
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Previousdiscussionoftheincrementsofyawing-momentcoefficient
resultingfromrudder’reversalhasindicatedthatforairplaneloadtigs
forwhichruddermovemntisrequiredforsatisfactoryrecovery,en
incrementofaerodynamicyawing-momentcoefficientoftheorderof0.012
orgreatermayleadto‘satisfactoryrecoveryforsteepspinsandthe
discussionindicatesthata totalaerodynamicyssdng-moment.coefficient
oftheorderof0.025,-whichwaspreviouslymentionedasbeinga conserva-
tivevalue,mayleadtosatisfactoryrecoveriesforthessmeconditions.
Forflatterspins,however,andforloadingconditionsforwhichthe
rudderistheprimarycontrolforrecovery(reference11)itisnotknown.
whethera requirementforsatisfactoryrecoveryshouldbebasedonthe
incrementofaerodynamicyawing-momentcoefficientcausedbyrudder
reversaloronthetotalaerodynamicyawing-momentcoefficient.It
appears,however,thatineithercasetheamountofincrementalortotal
aerodynamicyawing-momentcoefficientrequiredmayincreasewithangle
ofattack;whereasthe
w generallydecrease
spinandthenecessity
tivelysteepspinsare

amountofyawing-momentcoefficientavailable
withangle-ofattack.
forproperlydesigning
indicated.

Thusjthedangerofa flat
airplanestoobtainrela-.

.

EffectofHorizontal-TailPositiononAerodynamicCoefficients ‘

andRudder-ReversalEffectiveness

.,

.

Onlyoneoftheseveraltailmodificationstestedwaseffectivein
improvingthespin-recoverycharacteristicsoftheoriginalconfiguration.
Forthepresentstudy,theresultsfortheothermodificationswereused
onlyasmeansofextendingtherangeofspinningattitudesforwhichdata
weremadeavailable.!l?he.effectivemodification(modification1)was
theoneinwhichthehorizontaltailwasmovedlainches(full-scale)
rearwardoftheoriginalposition(fig.9).

A studyoftheresultsoftests,inwhichforceandmomentmeasbre- ~
mentsweremadewiththehorizontaltailinboththeoriginalandrevised
positionsforspinningattitudesobtainedonthedynamicmodelwiththe
originaltailposition(tablesVIIandVIII),indicateschangesinthe
forceqandmomentstowhichtheimprovementinthespinandrecovery
characteristicsobtainedbyt~ ’rearwardhorizontal-tailmovementmaybe
attributed.Whentherudderwaswiththespin(tableVII),movingthe
horizontaltailrearwerdledtoanincreaseinthenose-downpitching-.
momentcoefficientandtoa slightdecreaseintheanti-spinyawing-
momentcoefficient.Theeffectoftheseaerodynamicchsngesforthe
free-spinningtestswasgenerallytodecreasetheangleofattackofthe
spinforanygivencontrolcorifiguration.Theeffectontheyawing-
momentcoefficient(tableVII)isingeneralaccordwiththeindications
oftail-dsmpingpowerfactor(reference11),a factorwhichisbasedon
thetailgeometricmeasurementsandisusedasanindicationofthetail
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powerineffectingspinrecovery.Calculationsoftail-dempingpower
. factorformodification1 (tableIV)showa decreaseintail-damping

ratioandanincreaseinunshieldedruddervolumecoefficientwhich
wouldleadtoa decreaseintheanti-spinyawing-momentcoefficientwhen
therudderwaswiththespin.

A comparisonoftheincrementsofyawing-momentcoefficients
resultingfromrudderreversalforthemodelwiththehorizontaltail
intheoriginalpositionandwiththehorizontaltailmovedrearwerdis

- presentedintableVIII.Whenthehorizontaltailwasi.ntheoriginal
position,theincrementsofyawing-momentcoefficientwererelatively
smallandinsomecaseswerepositive;thisresultmaybeattributedto
someinterferenceeffectsontheshieldedrudder.Whenthehorizontal
tailwasintherearwardpasition,theincrementsofyawing-moment
coefficientweregenerallyrelativelylergeandnegative(anti-spin).
Inasmuchasonlythehorizontaltailwasmoved,theincreaseinthe
incrementofsnti-spinyawingmomentduetoreversingtherudder(or
rudder-reversaleffectiveness)wascausedbytheunshieldingofthe
rudder.fiordertoillustrate-furthertheincreaseinrudder-reversal
effectivenessduetotheunshieldingoftherudder,a plotofincremental
yawing-momentcoefficientduetorudderreversalwiththehorizontaltail
intheoriginalpositionagairisttheincrementalyawing-momentcoef- 9
ficientobtainedwiththehorizontaltailintherearwardposi.tion
(fig.15)showsthatinti casesthegreatestrudder-reversaleffective-
nesswasobtainedwiththerevisedtail. .

Thisinvestigationshowsprimarilytheeffectofunshieldingthe
rudderinspinningattitudes.Movementofthehorizontaltailreerward
aswasdoneinthepresentinvestigationmaynotnecessarilyunshieldthe
rudderforotherairplanetaildesigns.

EffectsofLoweringLandingGearandDeflectingFlapsonSpin

AttitudesandAerodynamicCoefficients

Theeffectsofloweringthelandinggearanddeflectingtheflaps
onthespinattitudesandaerodynamicforcead momentcoefficients
areshown.intableIII.Onlyslightdifferenceswereobtainedbetween ,
thespinattitudeswiththeflapsdeflectedandlandinggeardown,and
withonlythsflapsdeflected.Theseresultsareinagreementwitha
completestudyoftheeffectsoflandinggesrandflapsonspinand
recoverycharacteristics(reference17)inthatthelandinggearhas
onlya slighteffect.

●

Theforcemeasurementsintable111alsoshow
littleeffectofthelandinggear.Theresultsofthefree-sPinning
testspresentedintable~11,however,indicatedenadverseeffectof
deflectingtheflapsinthatthespinsweresomewhatflatterwhenthe

●

flapsweredeflected.

—. .—.. .-—.— —
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Inorderto study
effectiveness,several

theeffectsofflapsontherudder-reversal
testsweremadeonthebalancewiththemodel

setatarbitr&yattitudesaudcontrolsettings.Foreachattitudeand
controlsetting,theflapsweredeflectedandretracted,andtheresults
arepresentedintable~. !l!he.incrementsofyawing-momentcoefficient
resultingfromsettingtherudderfromwithtoagainstthespinning
rotationweremuchlargerwhentheflapswereupthenwhentheywere
deflected;thusa definiteadverseeffectofflapsontherudderwas
indicated.Theseresultsareingoodagreementwith”theresults.of
reference17whichindicateanadverseeffectofdeflectingtheflaps
onrecoverycharacteristics.

CONCLUSIONS

Thefolhwingconclusionsarebasedon

momentcoefficientsmeasuredona ~-scale10

theaerodynamicforceand

modelofa fighterairplane

inSpti.ngconditionss~ating thoseobtainedpreviouslyfora ~~1~
dynsmicmodelandinotherarbitraryspinningconditions:

.

1.Theprimaryeffectofrudderreversalwastogivea relatively
largeincrementofanti-spinyawing-momentcoefficientwhencompared
withtheaerodynamicyawing-momentcoefficientofthefullydeveloped
spin.Theotherforceandmomentcoefficientswereaffectedtoamuch
lessdegree. s

2.Theincrementofyawing-momerit‘coefficientobtainedbyrudder
reversalinspinswasmuchlargeratlowanglesofattackthanathigh
anglesofattack;thisresultindicatesthatmorerudder-reversal
effectivenesswasobtainedh steepspinsbecauseoflessrudder
shielding.

3. Unshieldingtherudderbymovementofthehorizontaltailresr-
wardincreasedtherudder-reversaleffectiveness.

4.Downwarddeflectionoflandingflapsreducedtherudder-reversal
effectiveneSS.

.

.

5. A totalaerodynamicyawing-momkntcoefficientrangingfrom
approximately0.021to0.025,anti-spin,mayberequiredforsatisfactory
recoveriesfromsteepspinsbasedona conservativeestimatefrom
theexperimentalresults.Largervalues.ofyawing-momentcoefficient
maybenecessaryforsatisfactoryrecoveryfromflatterspins.

.
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6. !l?heaerodynamicforceandmomentmeasurementswereinqualitative
agreementwithfhee-spinnhgresultsasregardsspinendrecovery .
characteristics. #

LangleyAeronautical.Laboratory
NationalAdvisoryCommitteeforAeronautics

LsngleyAirForceBase,Va.,June16,19X
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‘3YLBLEI.-CORRESPONDINGFULL-SCALEDIMENSIONAL

CHARACTERISTICSOFA FIGHTERMODEL ‘

Wingspatl,ft . . . . . . . . . . . . . . . . . . . . . . . . ..50.35
Length,over-all,ft..... . . . . . . . . . . . . . . . . .44.70

wing:
Area,sift . . . . . . . . . . . . . . . . . . . . . . . . . 425.0
Section,root. . . . . . . . . . . . . . . . . . . . NACA651U-213
Section,tip . . . . . . . . . ... . . . . . . . . NACA651E-213
Root-chordincidence,deg.. . . . . . . . . . . . . . . . . . 2.5
Tip-chordincidence,deg . . . . . . . . . . . . . . . . . . . 2.5
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . ..6. o
Sweepbackofleadingedgeofwing,deg . . . . . . . . . . . . 0
Dihedral,leading-edgechordline,deg . . . . . . . . . . . . 6.o
Meanaerodyn@cchord,in.. . . . . . . . . . . . . . . . .1.15.00-
-Leadingedgeofmeanaerodynamicchordresrward of leading

edge-ofwing,in.. . . ; .

Flaps:
Chord,percentofwingchord
Area(rearhrdofhingeline)
Span,percentofwingspan .

Ailerons:
Chord,percentofw&g chord
Area(rearwardofhingeline)
S?an,percentofwingspan .

Horizontaltailsurfaces:
Totalarea,sift......
Span,ft . . . . . . . . . .

. . . . . . . ..*.. . . . . . 0

. . . . . . . . . . . . . . . . . 18.75
,percentofwingsrea. . . . . . 12.55
. . . . . . . . . . . . . . . . . 44.0

. . . . . . . . . . . . . . . . . 20.00
,percentofwingarea. . . . . . 5.90
. . . . . . . . . . . . . . . . . 44.8

. . . . . . . ..0.. . . . . . 108.0

. . . . . . . . . . . . . . . . . 23.33
Elevatorarea(resrwardofhingeline),sqft . . . . . . . . . 30.0
Distancefromnormalcenterof gravityto elevatorhingeline
(originallocationofhorizontaltail),ft . . . . “.. . . .22.95

Verticaltailsurfaces:
Totalarea,sift...... . . . . . . . . . . . . . . . . . 36.0
Ruddersrea(resrwardofhinge line),sqfi . . . . . . . . . . 13.2
Distancefromnormalcenterof gravitytotopofrudder
hingeline,f% . . . . . . . . . . . . . . . . . . . . ...23.05

——.—-. . ... . ..G. . . . ..— — .—-. —.—- —.—-—. ——-— — --
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Relat i7e
Centar4f-g2atity airplane titm of InaT’bia

I.ocatim (slug-ftq Kam pz’lmetarm
dmaity, p

Lmdbg Weight
(lb)

Ma :&y Ix - Ir IY-k ~-Ix
2 f 3 z/6 lm’d % Ix % — Lb’‘ T d’

1 HOA 1?,835 o.212 0.C9J9 13.61 17.39 17,34’ 37>* S3,395 -147x ld -no x 10-4 f57x ld

2 PullaltQi-n8te 2-2,’233 .m .0% 13.?I21.41 39,5’333T,~ 75,P ~ -=.5” @
lcdimg

3 Pdzk.1 qlt+l-lmte !m, ~ .’2+M .052 1.2.42lg.ca W,&xl 37,m 65,WJ ~7 -178 ‘=-5
lcadilig

cedar of grmity,

4
7 pement E
reaward of 17, * ,2&2 .Cog 10.95 17.40 1.6,1$o34,@l 9>977 -1?0 -m 24s

nmmml



. . . ,

1:!:!

——..- I Q
1 -.- . . . . ____ 9 dm+-—l * I-.9M.sl-u

-EEd

—-.--a-———.—
1.—
1—

9 6
ArMdaedtim

of ti u .----40 ------ 1- mll m# .—. a 1.3 -.Y -ml .* d .- w --- -J@ -L.m .- -.* ---

9 7, - -4.-. h al 4.6 -1ag .bn Sea .egl bm -.* --- -1- --- -.m -J@

s 7 ----——&.———— la -.-—---- 1 Rulh ----dQ---- B Ab +f.a -wb Ml w .33! 3.e -.om .0x4 -lx% -.m -JMY -:&r

w&=fa- —imiom
I

I



.30

TAEIEIV.-TAIL-DAMPINGFOWERFACTORSFORTHEVARIOUS

CONFIGURATIONSTESTEDONA FIGHTERMOIIEL

.

NACATN 2181“

) Relative “ ti%A

Toe.g.
. Unshieldedrudder Tail-dampingTail-damping

MificationFigurevolumecoefficient,ratio, powerfactor,
URvc TDPF

(a) (b) (1)) (b)
.
None 0.00948 o.02g2 0.000277

1 9 .01500 .0243 .000364

2 10 .oog48 .0454 .000431

3 10 .00948 .0464 .000440

4’ U .01870 .02g2 .000546

5 U .oog48- .02g2 ●000277

6 u . .oog48. .02g2 .000277

7 12 .oog48 .0288 .000273

aFigureb whichmodificationisd.uxni. v.
%slueascomputedbymethodsofreferencel)..
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TABLEv.-COMPARISONOFAI?PROXIMA!CESP~ RADIIANDSIllESLIP

Test

1
2
3’
4
5
6

i
9
10
u.
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2$
29
30

g

ANGLESTE&lZDANDSPINRADIIANDSIDESLIPANGLES

CALCULATEDFROMlmAsumDAERODYIWMICFORCES

8.53
2.69
8.08
5.27
2.71
9.18
3.44
6.62
:.;;

4:48
3.53
u.24
~.;;

6:19
7.32
6.05
3.81
5.06
3.10
6.78
4.08
4.05
5.46
6.51
13.50
2.70
2.48
3.02
4.99
3.64

(%
(a)

7.57
2.24
4.61
2.37
2.58
4;64
2*IJ
3.30
4.95
5.80
3.16
3*59
6.92
6.99
4.99
4.77
5.72
3.66
2.84
4.38
2.44
6.47
3.00
2.10
5.09
3997
9.28
1.43
1.55
4.72
6.85
3.10

$“
(a)

.:.9
0
0
0

-;.0
-1.7
0
0

-:::

;.6
2.8
2.2
2.7

-;.3
-399
0

-;:?
-2.8
0

-:.7
-6.7
-6.3
-2.8
-1.7
0

B’Cg

-5.2
-1.4
-6.5
-6.1

-i::
-1.0
-3.4
-4.2
-3.9
2.6
●7

-3.7
-5.4
-3.8
-4.1
-4.6
-5.8
-4.5
-1.6
-~.o
-6.8
-4.2
-2.9
-3.2
-6.7
-3.0

3
-;,:2

-i:;
-7.2

~cg

(a)

-4.8
-1.0
-6.1
-5.0
1

-;:0
1

-;:5
-4.5
-4.4
3.:

-;:0
-5.0
-2.9
-3.3
-3.7
-4.3
-3.8
-1.2
-4.4
-6.6
-3*5
-1.4
-3.0
-5.3
-1.4
-.6
5

-;:6
-5.8
-6.7

Anglesbetweenthe
Z bodySXiS and
resultantforce

(a)

Anglein
Xz-plane
3.1
.9
1.9 ‘
2.8
2.1
3.6

4:;
,4.9
3.4
4.8
3.8
5.4
4.3
3*5
;:;

4:9
4.6
5.2
~.;

512
1.9
3.6
2.3
.8
.4
0
3.1
2.8

%aluesbasedonthemeasuredaerodynamicforces.

Anglein
Yz-Diane

31

1.7
2.3
1.2
1.1
2.2
0
2.0
1.3
.5
1.0
2.1
1.9
.8
2.1
2.2
2.0
1.8
.1
.8
1.6
.5
1.0
1.5
1.2
.1
1.3
2.0
3.0
3.1
2.3

, ::

v
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.
5wrsvI.-mEEF?mE’o?EmmEEnEvE6aL ori’lm BmmmoF9xms FoEImcomBYAEDoBlm

Amoxmuc K@L!EAmlmm?rwmFIcmm 0FA~140DELItIA8PIE

. pmffldmltlmrumts obtaimdbvettiMtbemd-catir&.l: mllalltha
M“, ---- d+mmrba k -*C! mill ram rew—cr.- .—---— “

-- —-- -. --— -— -— -.———.

i+’-=’-
Test

g-M
e + 4 N, e % Tlu118far

1 a.oolfi -&mm 4.002 O.w - -0.00U O.m >30

$? .W68 -.cmol . .Olo .W -.0034 -.0014 >11
.

3 .W31 .oo13 -.o12 .0022 -.0036 .C031 w

4 --- .CQ48 -.o18 .Cm2 -Jm46 -.002-7 M

5 .0019 alla .Ol$? .- -.ocol -.W07 74

6 .ax?l -.0038 -.033 .Oo1o ---- -.WW % *

7 .@J97 o .C06 .Cc03 -.m8 -.aw X?,*
.

8 .U348 .olb3 -all .oo17 -.0014 -.* $, q

9 .0036 .O1oo .OM am? -.0W6 -.W53 ‘J+

3.0 -.m - .016 .035 .oo13 -.oo18 -.W3 4

33 -.C07D .- .01’?’ X004 .Ow -.m >3,>3&“+ a+
J

32 -.m .0226 -.032 .- -.(wo -.0069 ,+

u -.03%> .0330 .043 mom .005? -.OEO &
4

14 -.0034 .@@ .o16 .m’l .ca4 -.0179 +, e

W -.mo .- .020 .Omo .Oo$1 , -.@ +

16 -Am? .0422 .W .oo13 .Ol$?l -:olL% 1,1

17 0 .0432 .038 .Cce8 .@ -.om ++

18 .Gm2 ..C034 -..o1o . .Ulk? -.0004 .003a =

w .006s .C032 -.oc6 .om2 -.m -SKQ4 =4

m am. .m4g .C=3 .m14 -.00?7 -.oau 6,6

21 SX04 .04 --- .W -Z&a -mob

22 .0034 -.0070 .m .0033 -.KW1 -.0008 ‘i

23 .o133 X&6 -.003 .0008 -.CQ03 -.0030 *

ek .0063 .- --w X022 -am --- >1.o

25 .W -.WU .Om .0003 .Cm8 .0003 XI.

26 0 -.oolp .O1o .- .Cu38 .0332 9

27 0 -ma -.006 .0007 -ml% .W7 >lo

E@ .mll .om .O11 .Uml --- -.oob3 H
m .0C04 -.0003 -.olg .Wob -.0038 -am? >13

30 .- ‘ --- .083 .- .OIEQ .Wo9

3 .0tB2 .0006 -.m .mll -.0084 -.mll
‘:;

3 .W -cm mu? .Oow -.W -.oo18- >MJ

%kCn?’ezyAte@edbyslwiLt91mmM-tiorntader rrmfbllvftht0q3agalMtthes@lIlwlelemt0r
1/3Awn.

frau2/3upt0
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TABLEVII.- TEEEFFECiOFUNSHIEDINGTHEVERTICALTAIZBY

HORIZONTAL-WMOVEMEMTONTHEAERODYNAMICFORCEAND

MOMENTCOEFFICIENTSOFA FIGHTERMODELINA SPIN
.

fioefficientincrementsobtainedbymorhuzthehorizontal
‘ tail 15in.(full-scale) rearw&dfrom-theoriginal
position;rudderfullwiththespti]

est

1

3
25

26

27

28

29

30

31

32

-0.0016

-.0064

-.0990

-●0300

-.0102“

-.0240

-●0210

-.0264

-.0189

-.0415

-0.0176

.0037

.0053

.0004

.0017

.0069

.0198

.0164

.0077

.0208

A@

0.018

.010

-.045

-.022

-.019

-.074

-.026

.053

-.070

-.058

Acz

-0.0162

-.0026

-.0020

-.0027

-.0011

-.0017

-.oo21

.0035

-.0028

.0038

-0.0018

-.0040

-.0130

-.0046

-.0094

-●0189

-.0155

-.0067

-.0128

-.0096

A&

0.0005

.0007

.0036

.0041

.0020

.0025

-.0039

.0035

-.0039

-.0069

9
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TABLEVIII..THEEFFECTOFUNSHIELDINGTHEVERTICAL.T~

ONHUMIER-REVERSALEFFECTIVENESSONA

\FIGETERMOREL~ A SPIN

[Coefficientticrementsobtainedbyreversingtherudder
fromfullwithtofullagainstthespti]

Horizontaltail‘in Horizontaltailin

Test originalposition rearwardposition

+ Mn A% A%

1 -0.0059 0.0028 0.0083 -0.0031

3 ●0013 .0031 .o123 -.0040

25 -.0031 ‘ .0003 0 -.0016

26 -.0010 .0032 .0012 -.0006

27 -.oo21 .0017, .0009. .0003

28 .0024 -.0043 .0233 -.0088

29 -●0005 -.0012 , .0053 -.0037

30 -.0006 .0009 ●0066 -.0024

3J- .0006. -.0011 .0107 . -.0053

32 -.0058 -.0018 .01-p. -.0027
L

.

.

.
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TABLEIx. - ImEcT OFIArmmG mAPs ONm YAwIKG-MoMmT-comFIcm mcFmlmcs DUETo

-~TKE~EMIMFULL~TH TOIWILAGARWTT2ESP~0NAFIGEl?ERMm

[~rizontal tallmoved1.5in.re~d (full-scale]

,

I Elevator
Iaeflectior

Ibull up

mlrtral

Full. donrl

Full down

Full. up

Neutral

Fullup

FUU up

Fullup

MJ.eron
deflection

killagainst

--do--

--&--

--do--

Neutral

Neutral

--do--

--ao--

--do--

&-scale-model

free-spinning

i%

46

38

46

52

25

45

25

5!2

52

!13ultEt

~
(deg)

0.4

-1.4

-, 9

-1,3

5.3

.1

-3.2

5.3

-1.3

0.252

.E!’p

.262

.315

.268

.322

●268

●35

.315

Lcale.rnodel aerodynamic
10
m~-~nt COetYicient

F:

Rudder
with

-0.0034

-.0046

-.0002

-.0041

- .Oon

-,0074

-.oogo

-.0042

-,0102

ps neutr

Rudder
9gainst

-o.OiMl

-.0101

-,0055

-*W5

-.0167

-. OIJ.6

-.021.3

-.007’7

-.0147

-0.0047

-.0055

-.0053

-.0054

-.0092

-.0042

-.o123

-.0035

-.0045

Flaps450down

-

-0.0046 -0,0030 0.0016

.0030 0 -.0030

.0027 ~.0006 -.0033

-.0024 -.CQ34 - .C030

-.0104 -.0132 -.0028

-.oolg -.oajl -,0032

-.0114 -.0164 -.WO

-.00W -.0101 -.0022

-. Olog -.0117 -.0008
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. .

Rudiusof S@7 ~

.

— Spinaxis

— IWnddirecfim

Figure1.-Illustrationofsmairptieina steadyspin.Arrowsindicate
positivedirectionsofforcesaudmcnuentsalongandaboutthebody
axesoftheairplane.
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1

A-

.—

K
>

.

——-

A Rotaryarm i Cables .’
B Vertical.member G Horizontalsup~rtingarm
c Sliprings andbrushes H Spin-radiussetting am
D Driveshaft I Model-attitudesettingblock
E Counterweights J Strain-gagebalance

K Winddirection
L-6@os

Figure2.-TherotarybalanceintheLangley20-footfree-spinningtunnel.
..
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A I?ormal-fonebeam
B Longitudinal-forcebesm
c Lateral-for&ebean
D Rolling-momentbesm
E Pitching-momentbeam
F Yawing-momentbeam -“

L-6kgo6
Figure3.-Illustrationofthesix-com~nentstrain-gagebalance.“
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/.60”+

I

8M5ZC

I-2 @’a

~3.50”

\ 1 +

“-/0
,

.

_— -
-—-— _ .—

.

v“

-—-
fu.se/a* refereflce hhe

Figure4.-Drawingofthe&-scalemodelofa fighterairplaneastested
ontherotarybalance.Wingincidence,~“ leatigedgeup;stabilizer

incidence,1°leadingedgeup. Center-of-gravi@positionshownfor
normalloading.
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Figure5.-The~ -scale model of a fighter airpl.auein the clean
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Figure

Landingcondition

External wing fuel tanks installed

6.-The$- scalemodelofa fighterairplaneinthelanding
conditionandwithexternalwingfueltanksinstalled.
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Figure7.-The&- scalemodelofa fighterairplanemountedontherotary
balanceintheLangley20-footfree-spinningtunnel.
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.

Figure8.-Photograph”ofthe
intheLangley

*- scale model of a fighter airplane spinning

20-foot free-spinning tunnel.
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Figure9.-Originalandmodifiedlongitudinalpositionsofhorizontaltail
testedonthe&- scaleand&- scalemodelsofa fighterairplan”e.
Dimensionsarefull-scale.
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Figure 10.. Original location of the horlzonW tail tested and the auti-

apin fillets tested.on iihe$- ecale and & - scale models of a fighter
a@lane . Mmmslcms are fuJJ.-sc.eJ.e. .
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Figure U..- Modifications to the vertical tail

and & - scale models of a fighter airplane.
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Figure 12.- Velltralfins tested on the &-scale and &-scale models of

a fighter airplane. Dimensions are full-scale.
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Figwe 13. - Variation
by rudder revereal
fighter airplane.

t coefficient causedof the incrmnent of yawing—mmnen
vith angle of’attack for spins of a model of a
lhmbers refer totestccmditions In table III.
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Figure 14.-Variationof yaning-maoent coefficient caused by setting the
rudder against the spin with angle of attack for spins of a model of
a fighterairplane.I?umberBrefer to teBt conditions in table III.
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Figure u .- Effect of horizontal-tail position on the increment of yawimx-
mcment coefficient caused by rudder
fighter airplane. Numbers refer to

reversal for spine
test conditLanB in

of a modei of ;

table III.


